The existence of multipole surface-plasmon modes at simple-metal 
to be too weak to be observable in electron-loss spectroscopy.
PACS numbers: 73.20.Mf, 79.20.Kz The electronic excitation spectrum at a metal surface is one of the fundamental topics in surface physics. The surface plasmon, predicted more than thirty years ago by Ritchie, ' is the best-known example of an electronic eigenmode at the surface of a semi-infinite metal. It has since been observed on many systems. Although the spatial form of the electronic density fluctuation associated with the surface plasmon can be complicated, it has essentially monopole character perpendicular to the surface. Additional [Img(q, co) for real co] for K is shown in the inset of Fig. 1(a) . These results are based on the time-dependent local-density approximation (LDA). ' The jellium model is used to represent the positive ions of the semi-infinite metal. RPA-type response calculations which neglect the exchange-correlation contributions to the induced potential give similar results.
We have investigated the reflection amplitude g(q, co) in the lower half of the complex-frequency plane using a proper analytical continuation ' and found that the peaks observed in the loss function (real co) can be traced to the corresponding poles of g(q, co) located just below the real axis. For the spectrum shown in the inset of Fig. 1(a) , the poles occur at about (0.67 -i0 03)co~. and (0.87 -i0 03)co~, .respectively. The analysis of the density fluctuations of these eigenmodes of the semi inftni te electron system shows that the ordinary surface-plasmon peak has monopole character while the upper mode has dipole character (zero total weight). Figure 2 ' ' The loss spectra of Al, therefore, show a single surface loss corresponding to the surface plasmon in agreement with experiment. In contrast, the simple metals with lower bulk density such as Na and K show a much stronger local-field enhancement near m -0.8cop. The nearly singular frequency dependence of d(cu) for the low-density metals' gives a weak but clearly discernible structure in the electron-loss function Img(q, rrr) as shown in the inset of Fig. 1(a) . 1 
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Thus, we now understand why the multipole mode has not been observed previously. First, it has a much weaker dipole-active cross section than the surface plasmon and, consequently, it will be swamped in an inelastic scattering experiment by the surface plasmon unless careful off-specular measurements are made. Second, although detailed density-functional-response calculations show that this mode exists on all simple metal surfaces, only in the case of the low-density alkali metals is it sufficiently strong to produce a separate peak in electron-loss spectra. Third, because of the weaker damping of the surface-plasmon modes in the low-density alkali metals, the multipole loss peak can be easily separated from the ordinary surface plasmon and from the bulk plasmon. There is no inconsistency in claiming that the multipole mode is too weak and broad to be observed in an elastic electron-scattering experiment for Al, yet invoking this mode as the origin of the local-field enhancement seen in the photoemission spectra from Al. Light does not couple to the surface-plasmon mode for clean flat surfaces (in contrast to the multipole mode ') and, consequently, the surface-plasmon mode is removed from these spectra '' leaving the multipole mode observable.
We want to emphasize that the term "multipole surface plasmon" applies, strictly speaking, only to the singularities of g(q, ro) in the lower half of the complexfrequency plane. Along the real-co axis, the tails of these poles lead to peaks in the loss function which are more or less strongly broadened due to decay into electron-hole pairs. It is therefore equally justified to refer to these excitations as resonances in the electron-hole-pair spectrum. Thus, the electron fluctuation associated with these loss features at real m does no longer have purely dipolar character. It is also important to keep in mind that, whether or not these peaks are actually observable, depends crucially on the nature of the external probe.
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